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,QWURGXFWLRQ
9LQHJDUDVDVHDVRQLQJDQGSUHVHUYLQJDJHQWLVSURGXFHGE\DIHUPHQWDWLRQSURFHVVIURPIUXLWRUFHUHDO,Q
(XURSHVRPHWUDGLWLRQDOZLQHSURGXFLQJDUHDPDLQO\)UDQFH,WDOLDDQG6SDLQYLQHJDULVSURGXFHGE\ZLQH
DSSOH MXLFH DQG KRQH\ HWF >@ +RZHYHU ,Q (DVW $VLD VXFK DV -DSDQ DQG &KLQD YLQHJDU LV WUDGLWLRQDOO\
SURGXFHGIURPFHUHDOVSULPDULO\ULFHDQGVRUJKXP>@&KLQDKDVDORQJKLVWRU\RIEUHZLQJYLQHJDUZKLFKLV
DQ LQGLVSHQVDEOH SDUW RI DQFLHQW FLYLOL]DWLRQ 6KDQ[L 9LQHJDU =KHQMLDQJ 9LQHJDU %DRQLQJ 9LQHJDU DQG
<RQJFKXQ 9LQHJDU DUH NQRZQ DV WKH IRXU &KLQHVH IDPRXV YLQHJDUV $FFRUGLQJ WR GLIIHUHQW DFHWLILFDWLRQ
PHWKRGVDQGUDZPDWHULDOVGLIIHUHQWIODYRXUVKDYHEHHQSURGXFHG
)HUPHQWHG YLQHJDU LV WKH UHVXOW RI D WZRVWHS IHUPHQWDWLRQ SURFHVV LQFOXGLQJ HWKDQRO IHUPHQWDWLRQ DQG
DFHWLF DFLG IHUPHQWDWLRQ )LUVW GXULQJ DOFRKRO IHUPHQWDWLRQ$VSHUJLOOXV QLJHU DQG \HDVWV WUDQVIRUP VWDUFK\
PDWHULDO LQWR HWKDQRO ZKLFK LV WKHQ FRQYHUWHG LQWR DFHWLF DFLG E\ DFHWLF DFLG EDFWHULD GXULQJ WKH VHFRQG
IHUPHQWDWLRQ >@ 7KH IODYRXU FRPSRXQGV LQFOXGLQJ YRODWLOH DURPDWLF FRPSRXQGV DQG QRQYRODWLOH RUJDQLF
DFLGV DUHSURGXFHGE\ WKHVHPLFURRUJDQLVPV LQ WKH IHUPHQWHGSURFHVV6RPHYRODWLOH DURPDWLF FRPSRXQGV
DQG QRQYRODWLOH RUJDQLF DFLGV DUH FRQVLGHUHG WR FDUU\ RXW WKH GLIIHUHQWLDWLRQ RI YLQHJDUV SURGXFHG IURP
GLIIHUHQW IHUPHQWDWLRQ SURFHVVHV DQG VDZ PDWHULDOV >@ (WK\O IXURDWH HWK\O EHQ]RDWH EHQ]DOGHK\GH DQG
DFHWRSKHQRQHVHHPHGWREHFKDUDFWHULVWLFRIFKHUU\YLQHJDU>@7KHUHIRUHLWLVORJLFDOWRVXSSRVHWKDWYLQHJDUV
FRXOG EH FKDUDFWHUL]HG DQG GLIIHUHQWLDWHG E\ WKH TXDQWLWDWLYH DQG TXDOLWDWLYH DQDO\VLV RI WKHLU YRODWLOH
FRPSRQHQWV DQG QRQYRODWLOH FRPSRQHQWV0RUHRYHU DURPD LV D VLJQLILFDQW FKDUDFWHULVWLF RI WKH IHUPHQWHG
YLQHJDUFRQWULEXWLQJWRLWVTXDOLW\>@7KXVLWLVVLJQLILFDQWWRVWXG\WKHIODYRXURIWKHIHUPHQWHGYLQHJDU
6DPSOHSUHSDUDWLRQIRU*&DQDO\VLVRIYRODWLOHDURPDWLFFRPSRXQGVKDVEHHQFDUULHGRXWWUDGLWLRQDOO\E\
OLTXLG±OLTXLGDQGVROLGSKDVHH[WUDFWLRQ%HVLGHVVROLGSKDVHPLFURH[WUDFWLRQ630(DIDVWDQGLQH[SHQVLYH
VDPSOH SUHSDUDWLRQ PHWKRG KDV EHHQ XVHG VXFFHVVIXOO\ LQ FRPELQDWLRQ ZLWK *& DQG *&±06 IRU WKH
H[WUDFWLRQRIYRODWLOHRUJDQLFFRPSRXQGV>@
7KHVWXG\RQWKHDURPDWLFFRPSRXQGVRI&KLQHVHFHUHDOYLQHJDUZDVOHVVWKDQWKDWRI(XURSHDQUHGZLQH
YLQHJDU%HVLGHVLQWKHUHVHDUFKDERXWIODYRXUFRPSRXQGVLWZDVUDUHO\UHODWHGWRWKHG\QDPLFYDULDWLRQWUHQG
RIYLQHJDUIHUPHQWDWLRQ7KXVWKHSXUSRVHRIWKHZRUNLVWRILQGRXWWKHFKDUDFWHULVWLFIODYRXUFRPSRXQGVDQG
DQDO\]HWKHG\QDPLFYDULDWLRQWUHQGLQWKHSURFHVVRI&KLQHVHFHUHDOYLQHJDUIHUPHQWDWLRQ
7HULDOVDQG0HWKRGV
6WUDLQV
7KHVWUDLQVIRUIHUPHQWDWLRQVXFKDV$VSHUJLOOXVQLJHU6DFFKDURP\FHVFHUHYLVLDHDQGDFHWLFDFLGEDFWHULD
ZHUHVFUHHQHGIURP'XOLX9LQHJDURI7LDQMLQ7KH\ZHUHVHSDUDWHO\VWRUHGLQWKH3'$VODQW<3'VODQWDQG
DFHWLFDFLGEDFWHULDEDVHGPHGLXPVODQW
)HUPHQWDWLRQ
7KHIHUPHQWDWLRQSURFHVVRISXUHVROLGVWDWHZDVGLYLGHGLQWRSDUWV2QHZDVHWKDQRO IHUPHQWDWLRQWKDW
ZDV PDGH ZLWK V FUXVKHG ULFH DQG VRUJKXP  ZZ DQG VXSSOHPHQWHG ZLWK EUDQ NRML DQG \HDVW ZLQH
DQRWKHU ZDV DFHWLF DFLGV IHUPHQWDWLRQ WKDW ZDV VXSSOHPHQWHGZLWK VRUJKXP KXVN DQGZKHDW EUDQ YLQHJDU
PRWKHUDVSUHYLRXVO\GHVFULEHG>@
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$QDO\WLFDOPHWKRGV
9RODWLOHFRPSRXQGVZHUHH[WUDFWHGXVLQJWKH+6630(PHWKRG>@SHUIRUPHGRQD9DULDQ*&06
DQGVHSDUDWHGRQD9)06FROXPQîPîPP(DFKFRPSRXQGZDVLGHQWLILHGE\UHIHUHQFHWR
WKH1,67DOLEUDU\$JLOHQW7HFKQRORJLHV5HODWLYHFRQWHQWVRIWKHFRPSRXQGVZHUHGHWHUPLQHGE\WKHDUHD
QRUPDOLVDWLRQPHWKRG
2UJDQLF DFLGV LQ WKH H[SHULPHQWDO YLQHJDU VDPSOHV ZHUH GHWHUPLQHG XVLQJ D 6KLPDG]X $% KLJK
SHUIRUPDQFH OLTXLG FKURPDWRJUDSKZLWK D89GHWHFWRU DQG D 6SXUVLO 6%& FROXPQ PPîPî
PP.+32PRO/S+ZDVXVHGDVWKHOLTXLGSKDVH7KHFROXPQWHPSHUDWXUHZDVƕ&WKH
IORZUDWHRIWKHOLTXLGSKDVHZDVP/PLQDQGWKHLQMHFWLRQYROXPHZDVȝ/,QDGGLWLRQHWKDQROFRQWHQW
ZDVGHWHUPLQHGDFFRUGLQJWRWKHPHWKRGRI:HL>@)HUPHQWDWLRQH[SHULPHQWVZHUHFDUULHGRXWLQWULSOLFDWH
6WDWLVWLFDOVLJQLILFDQFHZDVGHWHUPLQHGXVLQJWKH6$6VWDWLVWLFDODQDO\VLVSURJUDPYHUVLRQ
5HVXOWVDQG'LVFXVVLRQ
7KHYDULDWLRQWUHQGRIDURPDWLFFRPSRXQGVE\+6630(
,WZDVLQWHUHVWLQJWKDWVRPHDURPDWLFFRPSRXQGVUDQRIILQWKLVSURFHVV7KHGDWDQRWVKRZQ7KHUHDVRQV
ZHUHDVIROORZVHWKDQROIHUPHQWDWLRQZDVDQDHURELFIHUPHQWDWLRQLQWKHHQFORVHGHQYLURQPHQWLQZKLFKVRPH
VPDOO DPRXQWV RI DURPDWLF FRPSRXQGV ZHUH SUHVHUYHG LQVWDQWDQHRXV KHDW RI DFHWLF DFLG IHUPHQWDWLRQ
DFFHOHUDWHG WKH GHFUHDVH RI DURPDWLF FRPSRXQGV LQ WKH RSHQ HQYLURQPHQW RWKHU EDFWHULD LQ WKH DX[LOLDU\
PDWHULDOVPLJKWGLVLQWHJUDWHWKHVHDURPDWLFFRPSRXQGV
7KHPDLQFRPSRQHQWVZDVVKRZQLQWKH7DEOH,QWKHHWKDQROIHUPHQWDWLRQWKHHVWHUVLQFUHDVHGJUDGXDOO\
:KHQWKHDX[LOLDU\PDWHULDOVZHUHDGGHGWKHHVWHUVEHJDQWRVKULQNEHFDXVHRIGLOXWLRQHIIHFW$IWHUWKDWWKH
HVWHUVLQFUHDVHGSURPSWO\DQGDFFXPXODWHGWRWKHPD[LPXPDWWKHWKGD\/DWWHUO\JHQHUDWHGUDWHRIHVWHUV
ZDVOHVVWKDQYRODWLOHUDWHRIWKDWWKHUHODWLYHFRQWHQWLQGXFHGDELW(WK\ODFHWDWHDVWKHVXEMHFWLYHIODYRXURI
&KLQHVH YLQHJDUZDV HVWHULILFDWHG E\ HWKDQROPDLQO\ SURGXFHG LQ WKH HWKDQRO IHUPHQWDWLRQ DQG DFHWLF DFLG
SURGXFHGPDLQO\LQWKHDFHWLFDFLGIHUPHQWDWLRQ7KHUHIRUHHWK\ODFHWDWHDFFXPXODWHGLQDEXQGDQFHZLWKWKH
JHQHUDWLRQRIDFHWLFDFLGXQWLOHWKDQROZDVXVHGRII
(WKDQROZDVWKHPDLQDOFRKROVSURGXFHGLQWKHHWKDQROIHUPHQWDWLRQ)LJ(WKDQROZDVSURGXFHGE\6
FHUHYLVLDHLQWKHHWKDQROIHUPHQWDWLRQDQGWKHQZDVEHXVHGIRUJHQHUDWLQJDFLGVDQGHVWHUV,WZDVIRXQGWKDW
PDQ\NLQGVRIKLJKDOFRKROVZHUHGHWHFWHGRIZKLFKȕSKHQ\OHWK\ODOFRKROZDVWKHPRVWLPSRUWDQWDURPDWLF
FRPSRXQG7KHYDULDWLRQWHQGHQF\RIȕSKHQ\OHWK\ODOFRKROZDVVLPLODUWRHWKDQRO
,Q WKH HWKDQRO IHUPHQWDWLRQ SKHQROV LQFUHDVHG JUDGXDOO\ HVSHFLDOO\ YLQ\OJXDLDFRO +RZHYHU LQ WKH
DFHWLF DFLG IHUPHQWDWLRQ YLQ\OJXDLDFRO FRXOG QRW EH GHWHFWHG E\ +6630( SUREDEO\ EHFDXVH YRODWLOH
FRPSRXQGVOLNHDFHWLFDFLGLQFUHDVHGODUJHO\ZKLFKFRPSHWLWLYHO\WRRNXSWKHILEHUIRU+6630(
$OGHK\GHVNHWRQHVK\GURFDUERQVDQGKHWHURF\FOLFLQFUHDVHGVORZO\LQWKHSURFHVVRIIHUPHQWDWLRQZKLFK
HQULFKHGWKHIODYRXURI&KLQHVHYLQHJDU
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7DEOH9RODWLOHIODYRXUFRPSRQHQWVRI630(3$GXULQJGD\VIHUPHQWDWLRQDVSHU*&06DQDO\VLV9DOXHVDUHUHODWLYHSHUFHQWDJHRI
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